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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
semiconductor light emitting device capable of 
surface emission in a constitution different from prior 
art and a method of manufacturing the same. 
SOLUTION: In this semiconductor light emitting 
device 1, a first conductive semiconductor layer and a 
second conductive semiconductor layer 14, 18 are 
provided on a main surface of a substrate 10. An 
active layer 16 is provided so that carrier injection 
generates light and interposed between the first 
conductive semiconductor layer and the second 
conductive semiconductor layer 14, 18. A two- 
dimensional diffraction grating 24 is provided so as to 
determine the wavelength of light to be generated in 
the active layer 16 and extends along the direction in which the main surface of the 
substrate 10 extends. As a result, the light generated in the active layer 16, whose 
wavelength is determined by the two-dimensional diffraction grating 24, is emitted from a 
light emitting surface 26. The light emitting surface 26 is provided along a direction in 
which the two-dimensional diffraction grating 24 extends. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st conductivity-type semi-conductor layer prepared on the principal plane of a 
substrate, and the 2nd conductivity-type semi-conductor layer prepared on the principal plane of said 
substrate, The barrier layer which will generate light if it is inserted into said 1st conductivity-type 
semi-conductor layer and said 2nd conductivity-type semi-conductor layer and a carrier is poured in, 
A semi-conductor luminescence device equipped with the light emission side where the light which 
was prepared along the direction where the principal plane of said substrate is prolonged, was 
prepared along the direction where the two-dimensional diffraction grating which specifies the 
wavelength of the light which should be generated in said barrier layer, and the principal plane of 
said substrate are prolonged, and was generated in said barrier layer is emitted. 
[Claim 2] Said two-dimensional diffraction grating has the part of the 2nd refractive index prepared 
so that a two-dimensional diffraction grating might be constituted in the medium which has the 1 st 
refractive index, and said 1 st refractive index is a larger semi-conductor luminescence device 
according to claim 1 than said 2nd refractive index. 

[Claim 3] Said two-dimensional diffraction grating is a semi-conductor luminescence device 
according to claim 1 which are either a triangular grid and a tetragonal lattice. 

[Claim 4] Said barrier layer is a semi-conductor luminescence device according to claim 1 which has 
two or more light-emitting parts which will generate light if a carrier is poured in, and the separation 
section prepared so that said two or more light-emitting parts might be separated. 
[Claim 5] The semi-conductor luminescence device according to claim 1 which is transparent, is 
formed on said light emission side to the light generated in said barrier layer, and is further equipped 
with the electrode for giving a carrier to said barrier layer. 

[Claim 6] The semi-conductor luminescence device according to claim 1 further equipped with 
another two-dimensional diffraction grating prepared so that it might counter with said two- 
dimensional diffraction grating through said barrier layer. 

[Claim 7] The 1 st conductivity-type semi-conductor layer prepared on the principal plane of a 
substrate, and the 2nd conductivity-type semi-conductor layer prepared on the principal plane of said 
substrate, The barrier layer which will generate light if it is prepared between said 1st conductivity- 
type semi-conductor layer and said 2nd conductivity-type semi-conductor layer and a carrier is 
poured in, The photograph nick band layer which is prepared along the direction where the principal 
plane of said substrate is prolonged, is optically combined with said barrier layer, and has 
photograph NIKKUNDO structure, A semi-conductor luminescence device equipped with the light 
emission side where the light which was prepared along the direction where said photograph nick 
band layer is prolonged, and was generated in said barrier layer is emitted. 

[Claim 8] The process for which the 1st component which has the 1st front face including the 1st 
substrate is prepared, The process which forms the 2nd component which has the 2nd front face 
along the direction where the 1st conductivity-type semi-conductor layer, a barrier layer, and the 2nd 
conductivity-type semi-conductor layer are deposited in order on the principal plane of the 2nd 
substrate, and said principal plane is prolonged, The grid process of said 1 st front face and said 2nd 
front face which forms a two-dimensional diffraction grating in either at least, The manufacture 
approach of a semi-conductor luminescence device equipped with the process which joins said the 
1 st components and said 2nd component so that said the 1 st front face and said 2nd front face may 
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face each other after a grid process. 

[Claim 9] The process for which the 1st component which has the 1st front face including the 1st 
substrate is prepared, The process which forms the 2nd component which has the 2nd front face 
along the direction where the 1st conductivity-type semi-conductor layer, a barrier layer, and the 2nd 
conductivity-type semi-conductor layer are deposited in order on the principal plane of the 2nd 
substrate, and said principal plane is prolonged, The grid process of said 1st front face and said 2nd 
front face which forms a two-dimensional diffraction grating in either at least, The process which 
joins said the 1st components and said 2nd component, and forms the 3rd component after a grid 
process so that said the 1 st front face and said 2nd front face may face each other, The process which 
removes said 1st substrate from said 3rd component so that the 3rd front face may appear, and forms 
the 4th component, So that the process for which the 5th component which has the 4th front face 
including the 3rd substrate is prepared, the process which forms a two-dimensional diffraction 
grating in either said 3rd front face and said 4th front face, and said the 3rd front face and said 4th 
front face may face each other The manufacture approach of a semi-conductor luminescence device 
equipped with the process which joins said the 4th components and said 5th component. 
[Claim 10] Said grid process is the manufacture approach of a semi-conductor luminescence device 
according to claim 8 or 9 of having the process which etches a mask with the two-dimensional 
diffraction-grating pattern prescribed forming the photograph nick band structure corresponding to 
the wavelength of the light which should be generated in said barrier layer using the process of said 
1st front face and said 2nd front face formed in either at least, and said mask, and forms a two- 
dimensional diffraction grating. 



[Translation done.] 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the semi-conductor 
luminescence device in which field luminescence is possible, and such a semi-conductor 
luminescence device. 
[0002] 

[Description of the Prior Art] There is DBR mold semiconductor laser as semiconductor laser in 
which field luminescence is possible. This surface-emitting type laser is formed along the 
luminescence direction, and has the 1 -dimensional diffraction grating based on Bragg reflection. 
[0003] 

[Problem(s) to be Solved by the Invention] However, DBR mold semiconductor laser needs to 
establish periodic structure, in order to form a 1 -dimensional diffraction grating along the 
luminescence direction. Such periodic structure needs to form repeatedly the layer from which a 
refractive index differs so that it may become periodic. 

[0004] The purpose of this invention is to offer the manufacture approach of the semi-conductor 
luminescence device in which field luminescence which has a different configuration from the 
former is possible, and such a semi-conductor luminescence device. 
[0005] 

[Means for Solving the Problem] The artificer considered the configuration required for 
semiconductor laser. Generally semiconductor laser is equipped with the barrier layer which 
generates light. Moreover, in order to specify the wavelength which should be carried out laser 
oscillation, the part which has a wavelength selection mechanism is required. Furthermore, in order 
to enable field luminescence, it is required to take out the generated light two-dimensional. 
[0006] Then, this invention was considered as the following configurations. 
[0007] The semi-conductor luminescence device of this invention is equipped with the 1st 
conductivity-type semi-conductor layer, the 2nd conductivity-type semi-conductor layer, a barrier 
layer, a two-dimensional diffraction grating, and a light emission side. 
[0008] The 1st conductivity-type semi-conductor layer and the 2nd conductivity-type semi- 
conductor layer are prepared on the principal plane of a substrate. If a carrier is poured in, a barrier 
layer is prepared so that light may be generated, and is inserted into the 1st conductivity-type semi- 
conductor layer and the 2nd conductivity-type semi-conductor layer. The two-dimensional 
diffraction grating was prepared so that the wavelength of the light which should be generated in a 
barrier layer might be specified, and it is prolonged along the direction where the principal plane of a 
substrate is prolonged. 

[0009] Consequently, the light as which it was generated in the barrier layer and wavelength was 
specified by the two-dimensional diffraction grating is emitted from a light emission side. This light 
emission side is established along the direction where a two-dimensional diffraction grating is 
prolonged. 

[0010] In the semi-conductor luminescence device of this invention, a two-dimensional diffraction 
grating can have the part of the 2nd refractive index prepared so that a two-dimensional diffraction 
grating might be constituted in the medium which has the 1st refractive index. As for the 1st 
refractive index, it is desirable that it is larger than the 2nd refractive index. The part of the 2nd 
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refractive index can be the crevice prepared in the medium of the 1st refractive index. Such a two- 
dimensional diffraction grating is realizable by adopting either a triangular grid and a tetragonal 
lattice. 

[001 1] The semi-conductor luminescence device of this invention can be further equipped with 
another two-dimensional diffraction grating prepared so that it might counter with a two-dimensional 
diffraction grating through a barrier layer. The added two-dimensional diffraction grating makes it 
possible to raise diffraction efficiency. As for both two-dimensional diffraction gratings, it is 
desirable to have a period which raises diffraction efficiency, for example, the same period. These 
two-dimensional diffraction gratings can be prepared in the symmetry about a barrier layer, and can 
be prepared asymmetrically. 

[0012] The semi-conductor luminescence device of this invention can be further equipped with the 
electrode for giving a carrier to a barrier layer. Such an electrode can be prepared on a light emission 
side. For this reason, a carrier can be given two-dimensional to a barrier layer. As for the ingredient 
of an electrode, it is desirable that it is transparent to the light generated in the barrier layer. 
[001 3] In the semi-conductor luminescence device of this invention, a barrier layer can have two or 
more light-emitting parts which will generate light if a carrier is poured in, and the separation section 
prepared so that two or more light-emitting parts might be separated. The gestalt of such a barrier 
layer is realized by various structures where it is enumerated in instantiation below. Two- 
dimensional quantum well structure is realized by carrying out the laminating of two or more semi- 
conductor layers. 1 -dimensional quantum well structure is realized by forming the quantum wire 
prepared along with the diffraction grating. Zero-order former quantum well structure is realized by 
forming the quantum box prepared along with the diffraction grating. The gestalt of a barrier layer is 
not limited to the structure where it was enumerated here. As for a barrier layer, it is desirable to be 
prepared so that a two-dimensional diffraction grating can be provided with light, and to be prepared 
along a light emission side. 

[0014] Moreover, the semi-conductor luminescence device of this invention is equipped with the 1st 
conductivity-type semi-conductor layer, the 2nd conductivity-type semi-conductor layer, a barrier 
layer, a photograph nick band layer, and a light emission side. A photograph nick band layer has 
photograph nick band structure. Moreover, it is optically combined with a barrier layer and the 
photograph nick band layer is prepared along the direction where the principal plane of a substrate is 
extended. The light generated in a barrier layer is prescribed by photograph nick band structure. 
Consequently, from a light emission side, it is generated in a barrier layer and the light as which 
wavelength and a phase were specified by the photograph nick band layer is emitted. A 
photoluminescence side can be established along the direction where a photograph nick band layer is 
prolonged. 

[0015] The manufacture approach of the semi-conductor luminescence device concerning this 
invention (1) The 1st component which has the 1st front face including the 1st substrate is prepared. 
The (2) 1st conductivity-type semi-conductor layer, A barrier layer and the 2nd conductivity-type 
semi-conductor layer are deposited in order on the principal plane of the 2nd substrate. The 2nd 
component which has the 2nd front face along the direction where this principal plane is prolonged is 
formed. (3) After forming the grid process of the 1st front face and the 2nd front face which forms a 
two-dimensional diffraction grating in either at least, and (4) two-dimensional diffraction grating, it 
has each process which joins the 1st components and 2nd component so that the 1st front face and 
2nd front face may face each other. 

[0016] After forming a two-dimensional grid in the field which should be joined, two components 
were joined so that this two-dimensional grid might be pinched. For this reason, other layers are not 
deposited on the front face in which the two-dimensional grid was formed. Therefore, a two- 
dimensional grid is formed, without affecting formation of other layers. Moreover, since the forming 
face of a two-dimensional diffraction grating is joined, it is not influenced by formation of other 
layers. 

[0017] Moreover, the manufacture approach of the semi-conductor luminescence device concerning 
this invention can be further equipped with the process which removes either [ at least ] the (5) 1st 
substrate or, and the 2nd substrate, and forms a light emission side. If one side of a substrate is 
removed, the distance from the barrier layer in which light is generated to a light emission side will 
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be reduced. 

[001 8] The manufacture approach of the semi-conductor luminescence device concerning this 
invention (6) The 1st component which has the 1st front face including the 1st substrate is prepared. 
The (7) 1st conductivity-type semi-conductor layer, A barrier layer and the 2nd conductivity-type 
semi-conductor layer are deposited in order on the principal plane of the 2nd substrate. The 2nd 
component which has the 2nd front face along the direction where this principal plane is prolonged is 
formed. (8) Even if there are few 1st front faces and 2nd front faces, a two-dimensional diffraction 
grating is formed in either. (9) After formation of a two-dimensional diffraction grating, join the 1st 
components and 2nd component and the 3rd component is formed so that the 1st front face and 2nd 
front face may face each other. (10) Remove the 1st substrate from the 3rd component so that the 3rd 
front face may appear, and the 4th component is formed. (1 1) So that the 5th component which has 
the 4th front face including the 3rd substrate may be prepared, another two-dimensional diffraction 
grating formed in either the (12) 3rd front face and, and the 4th front face may be formed and the 
(13) 3rd front face, and the 4th front face may face each other It has each process which joins the 4th 
components and 5th component. 

[0019] Thus, if the two-dimensional diffraction grating which should be made is formed in a 
lamination side, only a required number can carry out the laminating of the two-dimensional 
diffraction grating. 

[0020] Moreover, from the 4th components and 5th component by which (14) junction was carried 
out, the manufacture approach of the semi-conductor luminescence device concerning this invention 
can remove either the 1 st substrate and the 3rd substrate, and can be further equipped with the 
process which forms a light emission side. 

[0021] A mask with the two-dimensional diffraction-grating pattern prescribed that the process 
which forms a two-dimensional diffraction grating forms the photograph nick band structure 
corresponding to the wavelength of the light which should be generated in (15) barrier layers can 
etch using the process of the 1st front face and the 2nd front face formed in either at least, and (16) 
masks, and it can have the process which forms a two-dimensional diffraction grating by the 
manufacture approach of the semi-conductor luminescence device concerning this invention. 
[0022] moreover, by the manufacture approach of the semi-conductor luminescence device 
concerning this invention A two-dimensional diffraction grating is formed in either the 3rd front face 
and the 4th front face for a mask with the two-dimensional diffraction-grating pattern prescribed that 
the process which forms a two-dimensional diffraction grating forms the photograph nick band 
structure corresponding to the wavelength of the light which should be generated in (17) barrier 
layers. (1 8) It can etch using a mask and can have each process which forms a two-dimensional 
diffraction grating. 
[0023] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail, referring to a drawing. The explanation which gives the same sign to a same and similar part, 
and overlaps is omitted. 

[0024] Drawing 1 (a) is the perspective view of the semi-conductor luminescence device concerning 
the gestalt of operation of this invention, and drawing 1 (b) is a sectional view in the I-I cross section 
of drawing 1 (a). 

[0025] The semi-conductor luminescence device 1 is equipped with a substrate 10, the 1st confining 
layer 12, the 2nd confining layer 14, a barrier layer 16, the 3rd confining layer 18, and the two- 
dimensional diffraction grating 24. As a substrate 10, predetermined field bearing and the semi- 
conductor substrate of N type InP are employable (001). As the 1st confining layer 12 and 2nd 
confining, layer 14, the semi-conductor layer of N type InP is employable. As the 3rd confining layer 
1 8, the semi-conductor layer of P type InP is employable. The laminating of the 1st confining layer 
12, 2nd confining layer 14, and 3rd confining layer 18 is carried out in this sequence on the principal 
plane of a substrate 10. 

[0026] The anode electrode 20 of a circle configuration is formed on surface 18a of the 3rd confining 
layer 18. For this reason, luminescence uniform in all the directions is attained. The part of surface 
1 8a in which the anode electrode 20 is not formed functions as a light emission field. On the rear 
face which counters the principal plane of a substrate 10, the cathode electrode 22 is formed at the 
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whole surface. A golden (Au) system electrode can be used for these electrodes 20 and 22. A 
transparent conductive ingredient can be used for the wavelength of the light instead of what is 
restricted to this ingredient generated in a barrier layer 16. 

[0027] The 2nd confining layer 14 and 3rd confining layer 18 function as a conductive layer which 
the carrier which should be given to a barrier layer conducts. For this reason, these confining layers 
14 and 1 8 are formed so that a barrier layer may be inserted. Moreover, the 2nd confining layer 14 
and 3rd confining layer 1 8 can be prepared [ both ] so that a carrier (an electron and electron hole) 
may be confined in a barrier layer 16. That is, the 2nd confining layer 14, a barrier layer 16, and the 
3rd confining layer 1 8 can be formed so that a double heterojunction may be formed. For this reason, 
the carrier contributed to luminescence can be centralized on a barrier layer 16. 
[0028] A barrier layer 16 will generate light, if a carrier is poured in. The wavelength of the light 
generated is prescribed by the band gap of the semi-conductor layer with which a barrier layer 16 is 
equipped. A barrier layer 1 6 can be formed using a single semiconductor material. Moreover, a 
barrier layer 16 can also be formed so that a single or multiplex quantum well structure may be 
formed. Furthermore, a barrier layer 16 can be formed as two or more quantum wire which is 
prepared along with the two-dimensional diffraction grating 24, and is extended in the predetermined 
direction, and can be prepared along with the two-dimensional diffraction grating 24, and can be 
formed as two or more quantum boxes. Each quantum wire has a dimension (for example, about 
dozens of nm) to which an electronic energy level becomes discrete about the 2-way which intersects 
perpendicularly with the longitudinal direction. Each quantum box has a dimension (for example, 
about dozens of nm) to which an electronic energy level becomes discrete about three directions 
which intersect perpendicularly mutually. An emission spectrum is radicalized while luminous 
efficiency is raised, since a density of states will become large if it has such quantum structure. 
[0029] With the gestalt of this operation, the InGaAs/InGaAsP system semi-conductor was adopted 
and luminescence wavelength grew distortionlessness multiplex quantum well structure (Separate 
Confinement Heterostructure Multiple Quantum Well:SCH-MQW) 7 period of a 1.3-micron meter 
band by organic metal gaseous-phase epitaxy. However, the barrier layer of a distorted 
superstructure is also employable. 

[0030] The two-dimensional diffraction grating 24 is formed on the 1st confining layer 12. The two- 
dimensional diffraction grating 24 is formed so that two or more crevice 24a may form 3 angle grids 
in one front face of the 1st confining layer 12. Each crevice 24a is prepared as the space section 
[ being pillar-shaped (the shape of for example, a cylindrical shape) ]. The distance of the core of 
each crevice 24a, and a this and the core of six crevice 24a of the nearest contiguity is an equal 
value, and the depth of 0.426-micron meter and a crevice was taken for spacing of the core of a 
crevice by 0. 1 -micron meter with the gestalt of this operation. There is another tetragonal lattice as 
an applicable grid. 

[003 1] The 1st confining layer 12 has the 1st refractive index, and the space section formed 
periodically has the 2nd refractive index. It is possible to embed different matter from the 1st 
confining layer 12 in the space section. However, in order to take the large difference of the 1st 
refractive index and the 2nd refractive index, as for the space section, it is desirable that it is in the 
condition (the condition that a gas, for example, air, exists, condition that the gas contained in the 
ambient atmosphere in the junction process explained later exists in strictness more) which nothing 
embeds. Thus, if a large refractive index is taken, light can be shut up in the medium of the 1st 
refractive index. 

[0032] As the ingredient of the 1st confining layer 12, i.e., dielectric materials of a high refractive 
index, a group III-V semiconducter, for example, InP, InGaAsP, GaAs, InGaAs, etc. can use an 
organic material (Alq3), for example, an eight-quinolinol aluminum complex etc. Moreover, a 
silicon nitride (SiNx) etc. can be used as the ingredient which embeds the space section, i.e., 
dielectric materials of a low refractive index. 

[0033] The two-dimensional diffraction grating 24 is a diffraction grating which has an equal period 
(value corresponding to a lattice constant) to the 1st direction, and this direction and the 2nd 
direction which makes a predetermined include angle. To the two-dimensional diffraction grating 24, 
various selections are possible about the period of the above-mentioned 2-ways and those directions. 
The back explains this. 
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[0034] If the light generated in the barrier layer 16 reaches the two-dimensional diffraction grating 
24, when the wavelength of this light is in agreement with the predetermined period which the two- 
dimensional diffraction grating 24 has, the phase conditions of light are specified in the wavelength 
corresponding to that period. By the two-dimensional diffraction grating 24, the light as which the 
phase was specified is spread to a barrier layer 16, and induced emission is urged to it in a barrier 
layer 16. The light by which induced emission was carried out satisfies the wavelength and the phase 
conditions of light which are specified in the two-dimensional diffraction grating 24. This light is 
again spread to the two-dimensional diffraction grating 24. Thus, the light to which wavelength and 
phase conditions were equal is generated and amplified. 

[0035] Since a barrier layer 16 and the two-dimensional diffraction grating 24 have breadth two- 
dimensional and are formed, such a phenomenon may be produced in a certain field centering on the 
anode electrode 20. The light to which wavelength and phase conditions were equal is spread 
towards a direction perpendicular to a barrier layer 16 or the two-dimensional diffraction grating 24, 
and is emitted from the light emission side 26. 

[0036] It is a substrate 10 when the dimensions of each part of the semi-conductor luminescence 
device realized in the gestalt of this operation are enumerated below in instantiation. : Confining 
layer 14:0.1 micrometer barrier layer 16 of the 100-micrometer 1st 12:0.1 micrometer confining layer 
2nd : It becomes the 0.1 -micrometer 3rd 18:0.1 micrometer confining layer. 

[0037] Then, it explains, hanging up an example about a two-dimensional diffraction grating. A two- 
dimensional diffraction grating has a property which overlap when a 2-way is made to advance side 
by side the same period at least. Such a two-dimensional grid covers with and arranges an equilateral 
triangle, a square, and a forward hexagon on the whole surface, and is formed by preparing the 
lattice point in each of those top-most vertices. Here, the grid formed using a tetragonal lattice and a 
forward hexagon in the grid formed using 3 angle grids and a square in the grid formed using an 
equilateral triangle is called a hexagon-head grid, respectively. 

[0038] Drawing 2 is a drawing describing 3 angle grids whose lattice spacing is a as a two- 
dimensional diffraction grating. Three angle grids are filled by the equilateral triangle whose die 
length of one side is a. In drawing 2 , the direction which goes the direction which goes to the lattice 
point B from the lattice point A to the lattice point C from the direction of X-gamma, a call, and the 
lattice point A is called the direction of X-J paying attention to the lattice point A chosen as 
arbitration. The gestalt of this operation explains the case where the wavelength of the light 
generated in a barrier layer is equivalent to the grid period about the direction of X-gamma. 
[0039] It is possible that the two-dimensional diffraction grating 24 contains three 1 -dimensional 
diffraction-grating groups L, M, and N explained below. The 1 -dimensional diffraction-grating 
group L consists of the 1 -dimensional grids LI and L2 and L3 grade which were prepared towards Y 
shaft orientations. The 1 -dimensional diffraction-grating group M consists of the 1 -dimensional grids 
Ml and M2 and M3 grade which turned the include angle of 120 degrees to the direction, and were 
prepared to X shaft orientations. The 1 -dimensional diffraction-grating group N consists of the 1- 
dimensional grids Nl and N2 and N3 grade which were prepared towards the direction of 60 degrees 
to X shaft orientations. When 3 lattice groups rotate at the include angle of 120 degrees focusing on 
the lattice point of arbitration, they overlap. In each lattice group, spacing between 1 -dimensional 
grids is d, and spacing in a 1 -dimensional grid is a. 

[0040] First, lattice group L is considered. The light which progresses in the direction of the lattice 
point B produces diffraction phenomena from the lattice point A in the lattice point B, The 
diffraction direction is prescribed by 2d of Bragg conditions, and sin theta=m lambda (m= 0, **1, ..), 
and lambda is the wavelength of the light in the 1st confining layer here. When the diffraction 
grating is formed so that the secondary Bragg reflection (m= **2) may be satisfied, another lattice 
points D, E, F, and G exist in the include angle of theta= **60 degrees and **120 degrees. 
Moreover, the lattice points A and G exist in the include angle of theta= 0,180 degrees corresponding 
to m= 0. 

[0041] In the lattice point B, the light diffracted towards the direction of the lattice point D is 
diffracted according to lattice group M in the lattice point D. This diffraction can be considered to be 
the diffraction phenomena according to lattice group L the same way. Subsequently, the light 
diffracted towards the lattice point H in the lattice point D is diffracted according to lattice group N. 
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Thus, it diffracts with the lattice point H, the lattice point I, and the lattice point J one by one. The 
light diffracted towards the lattice point A from the lattice point J is diffracted according to lattice 
group N. 

[0042] As mentioned above, as explained, the light which progresses at the lattice point B reaches 
through the diffraction of multiple times at the first lattice point A from the lattice point A. For this 
reason, although the semi-conductor luminescence device 1 is not equipped with the optical 
resonator which consists of two light reflex sides like the conventional semiconductor laser, it shows 
that the two-dimensional diffraction grating 24 uses [ whose light which progresses in a certain 
direction is the location of the original lattice point through the diffraction of multiple times ] to 
return as an optical resonator, i.e., a wavelength selection machine, and a reflector, and it acts. 
[0043] Furthermore, in the two-dimensional diffraction grating 24, when it takes into consideration 
that the above-mentioned explanation was given in the lattice point A of arbitration, the diffraction 
of the above light may be produced in all the lattice points arranged two-dimensional. For this 
reason, the light spread in each X-gamma direction is considered to have joined mutually together 
two-dimensional by the Bragg diffraction. By the two-dimensional diffraction grating 24, it is 
thought that the three directions of X-gamma join together, there are, and a coherent condition is 
formed of this two-dimensional association. 

[0044] Drawing 3 is the drawing in which the reciprocal space which 3 angle grids shown in drawing 
2 have was shown. The core gamma point of the BURIRIAN zone in reciprocal space, X point that 
the straight line which connected this gamma point and gamma point of a contiguity BURIRIAN 
zone intersects the boundary of a BURIRIAN zone,' and the J point that 3 BURIRIAN zone which 
adjoins mutually touches in one point are shown. The direction specified from gamma point in 
drawingj? , X point, and J point corresponds in the direction of gamma-X and the direction of 
gamma-J which were referred to in explanation to drawing 2 . 

[0045] Dra wing 4 (a) is the photograph nick band Fig. having shown the result of having performed 
band calculation about the two-dimensional 3 angle grid shown in drawing 2 using the plane wave 
unfolding technique, and is as a result of [ to especially the TE mode ] count. Drawing 4 (b) is an 
enlarged drawing [ / near the gamma point in drawing 4 (a) ]. 

[0046] The 1st confining layer 12 of drawing 1 has the dispersion relation shown in drawing 4 (a), 
i.e., photograph nick band structure. In this specification, photograph nick band structure means the 
dispersion relation specified to the energy of a photon based on the two-dimensional periodic 
refractive-index distribution by which it was prepared in the medium at least. 
[0047] The spontaneous emmision light of the barrier layer in the gestalt of this operation 
corresponds near [ 0.35 ] the axis of ordinate (frequency) of drawing 4 (a). The spontaneous- 
emission band of a barrier layer is made to be set by gamma neighborhood of a point. The group 
velocity of light becomes zero and laser oscillation is considered to happen in a band edge with a big 
density of states. If drawing 4 (b) is referred to, since a band edge exists in gamma point or gamma 
neighborhood of a point, it is possible that laser oscillation happens on the basis of the direction of 
gamma-X. 

[0048] Drawing 5 is a drawing describing the tetragonal lattice whose lattice spacing is b as a two- 
dimensional diffraction grating. The tetragonal lattice is filled with the square whose die length of 
one side is b. In drawing 5 , the direction which goes to the lattice point P from the lattice point W is 
called the direction of X-gamma, a call, and the direction of direction X-J that goes to the lattice 
point Q from the lattice point W paying attention to the lattice point W chosen as arbitration. Here, 
the wavelength of the light generated in a barrier layer explains the case where the grid period about 
the direction of X-gamma is supported. 

[0049] It is possible that the two-dimensional diffraction grating 25 contains two 1 -dimensional 
diffraction-grating groups U and V explained below. The 1 -dimensional diffraction-grating group U 
consists of the 1 -dimensional grids Ul and U2 and U3 grade which were prepared towards Y shaft 
orientations. The 1 -dimensional diffraction-grating group V consists of the 1 -dimensional grids VI 
and V2 and V3 grade which were prepared towards X shaft orientations. When 2 lattice groups 
rotate at the include angle of 90 degrees focusing on the lattice point of arbitration, they overlap. In 
each lattice group, spacing between 1 -dimensional grids is b, and spacing in a 1 -dimensional grid is 
b. First, lattice group U is considered. The light which progresses in the direction of the lattice point 
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P produces diffraction phenomena from the lattice point W in the lattice point P. The diffraction 
direction is prescribed by Bragg condition 2 d-sin theta=m lambda (m= 0, **1, ..) like the case of 3 
angle grids. When the diffraction grating is formed so that the secondary Bragg reflection (m= **2) 
may be satisfied, another lattice points Q and R exist in the include angle of theta= **90 degrees, and 
the lattice points W and S exist in the include angle of theta= 0,1 80 degrees corresponding to m= 0. 
[0050] The light diffracted towards the direction of the lattice point Q in the lattice point P is 
diffracted according to lattice group V in the lattice point Q. This diffraction can be considered to be 
the diffraction phenomena according to lattice group U the same way. Subsequently, the light 
diffracted towards the lattice point T in the lattice point Q is diffracted according to lattice group U. 
Thus, it diffracts one by one. The light diffracted towards the lattice point W from the lattice point T 
is diffracted according to lattice group V. 

[0051] As mentioned above, as explained, the light which progresses at the lattice point P reaches 
through the diffraction of multiple times at the first lattice point W from the lattice point W. For this 
reason, that the light which progresses in a certain direction returns through the diffraction of 
multiple times in the location of the original lattice point although the semi-conductor luminescence 
device 1 is not equipped with the optical resonator which consists of two light reflex sides like the 
conventional semiconductor laser shows that the two-dimensional diffraction grating 25 considers as 
an optical resonator, i.e., a wavelength selection machine, and a reflector, and acts. Phase matching 
is attained by this reflector. 

[0052] Furthermore, in the two-dimensional diffraction grating 25, when it takes into consideration 
that the above-mentioned explanation was given in the lattice point W of arbitration, it may be 
generated in all the lattice points arranged two-dimensional. For this reason, the light spread in each 
X-gamma direction is considered to have combined with the two-dimensional Bragg diffraction at 
both ****. By the two-dimensional diffraction grating 25, it is thought that the direction of X- 
gamma combines each other, and a coherent condition is formed of this two-dimensional association. 

[0053] A two-dimensional diffraction grating can be equipped with phase shift structure in order to 
realize single mode-ization of laser oscillation light. Drawing 6 and drawing 7 are the drawings 
which applied phase shift structure to the tetragonal lattice shown in drawing 5 . The diffraction 
grating of illustration is arranged in the grid of the same period in the condition of having been 
mutually shifted to two or more implications and them only in the one half of a period. 
[0054] Reference of drawing 6 prepares Va lattice group and Vb lattice group of a period d in 
accordance with X shaft orientations. Va grid is equipped with the 1 -dimensional diffraction gratings 
Val, Va2, Va3, and Va4, and Vb grid is equipped with the 1 -dimensional diffraction gratings Vbl, 
Vb2, Vb3, and Vb4. Va grid and Vb grid are arranged so that spacing between the 1 -dimensional 
grids Va4 and Vbl may become d/2. In accordance with Y shaft orientations, Ua lattice group and 
Ub lattice group of a period d are prepared. Ua grid is equipped with the 1 -dimensional diffraction 
gratings Ual, Ua2, Ua3, and Ua4, and Ub grid is equipped with the 1 -dimensional diffraction 
gratings Ubl , Ub2, Ub3, and Ub4. Ua grid and Ub grid are arranged so that spacing between the 1- 
dimensional grids Ua4 and Ubl may become d/2. 

[0055] Reference of drawing 7 prepares Vc lattice group and Vd lattice group of a period d in 
accordance with X shaft orientations. Vc grid is equipped with the 1 -dimensional diffraction gratings 
Vcl, Vc2, and Vc3, and Vd grid is equipped with the 1 -dimensional diffraction gratings Vdl, Vd2, 
and Vd3. Vc grid and Vd grid are arranged so that spacing between the 1 -dimensional grids Vc4 and 
Vcl may be set to 3d/2. In accordance with Y shaft orientations, Uc lattice group and Ud lattice 
group of a period d are prepared. Uc grid is equipped with the 1 -dimensional diffraction gratings 
Ucl, Uc2, Uc3, and Uc4, and Ud grid is equipped with the 1 -dimensional diffraction gratings Udl, 
Ud2, Ud3, and Uc4. Uc grid and Ud grid are arranged so that spacing between the 1 -dimensional 
grids Uc4 and Udl may be set to 3d/2. 

[0056] The phase shift structure where U grid and V grid are prepared by overlapping partially 
besides the phase shift structure shown in drawin g 6 and drawing 7 is also applicable. Moreover, 
phase shift structure is realizable removing one piece or plurality of the lattice point of the arbitration 
in a two-dimensional grid, i.e., by introducing a lattice defect point. 

[0057] Then, the manufacture approach of the semi-conductor luminescence device concerning this 
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invention is explained. Although the process which manufactures hereafter the semiconductor laser 
which has 3 angle grids on an InP substrate, and in which field luminescence is possible is explained 
in order, the semiconductor material applied is at an instantiation target, and there is that [ no ] by 
which this invention is restricted to this. 

[0058] A two-dimensional diffraction grating is produced as follows, for example. The 1st N type 
InP semi-conductor substrate (henceforth the 1st substrate) 10 which has field bearing (001) is 
prepared, the principal plane top of the 1st substrate 10 - organic metal gaseous-phase epitaxy 
(MOVPE) — the N type InP semi-conductor layer 12 is grown up using law. Drawing 8 is the 
perspective view showing the process after the N type InP semi-conductor layer 12 was formed on 
the 1 st substrate 1 0. 

[0059] The photolithographic method and the etching method are used for the front face of the N 
type InP semi-conductor layer 12, and a two-dimensional diffraction grating is formed in it. Drawing 
9 is the perspective view showing the process after the two-dimensional diffraction grating was 
formed. 

[0060] A sensitization agent is applied to surface 12a of the semi-conductor layer 12. On this 
sensitization agent, an electron beam exposure system (for example, ELIONIX ELS-3700) is used, 
and a diffraction-grating pattern is drawn (drawing process). Then, development of a sensitization 
agent completes the etching mask with which the diffraction-grating pattern was formed. The 
diffraction-grating pattern which this mask has has two or more openings of a predetermined 
configuration in surface 12a (henceforth the 1st front face) of the semi-conductor layer 12 which 
should be etched in the continuing etching process. 

[0061] A crevice is formed in the predetermined part of the semi-conductor layer 12 using an etching 
mask (etching process). Etching is performed using a reactive ion etching system (for example, 
SACOM RIE-10N). The semi-conductor layer 12 of opening of a mask is removed by etching, and 
the crevice of the predetermined depth is formed. Drawing 9 is the perspective view of the 1st 
component 28 with which the two-dimensional diffraction grating 24 was formed in 1st surface 12a. 
In drawing 9 , it has crevice 24a of the cross section of two or more approximate circle forms 
arranged periodically as a two-dimensional diffraction grating 24. Each crevice is formed in the 
about depth of extent as which the array of crevice 24a may function as a diffraction grating, for 
example, 0. 1 micrometers. 

[0062] Next, the 2nd P type InP semi-conductor substrate (henceforth the 2nd substrate) 30 which 
has field bearing (001) is prepared, the principal plane top of the 2nd substrate 30 — organic metal 
gaseous-phase epitaxy (MOVPE) - the P type InP semi-conductor layer 18 is grown up using law. 
[0063] Subsequently, the undoping barrier layer 16 is grown up on the P type InP semi-conductor 
layer 1 8. the gestalt of this operation — MOVPE — using law, a barrier layer 16 is formed so that it 
may have the MQW structure of InGaAs/InGaAsP. this barrier layer — generating of the light of 1 .3- 
micrometer band is attained. Furthermore, the separation ****** hetero structure layer (separate 
confinementheterostructrue) for shutting up a carrier at the MQW structured division can also be 
formed in the both sides of such MQW structure. By this, a carrier can be efficiently confined in the 
barrier layer which spreads two-dimensional. 

[0064] next — a barrier layer 14 top — MOVPE - the N type InP semi-conductor layer 14 is grown 
up using law. In addition, although the two-dimensional diffraction grating 24 is formed in the 
surface of the N type InP semi-conductor layer 12 of the 1st component 28 and it excels in it with the 
gestalt of this operation, it replaces with this two-dimensional diffraction grating 24, or it is the front 
face (a two-dimensional diffraction grating can also be hereafter formed in the surface of 14a called 
2nd front face.) of the N type InP semi-conductor layer 14 in this two-dimensional diffraction grating 
24. 

[0065] The 2nd component 32 is completed by this. Drawing 10 is the perspective view of the 2nd 
component 32. The 2nd component 32 is equipped with the P type InP semi-conductor layer 18 by 
which sequential formation was carried out, the undoping barrier layer 16, and the N type InP semi- 
conductor layer 14 on the principal plane of the 2nd substrate 30. Surface 14a of the semi-conductor 
layer 1 4 formed at the end is exposed. 

[0066] Subsequently, the 1st component 28 and the 2nd component 32 are joined. At this junction 
process, the 1st components 28 and 2nd component 32 are joined so that 1st surface 12a and 2nd 
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surface 14a may face each other. With the gestalt of this operation, welding performs this junction 
(fusing process). 

[0067] In order to make into clarification the 1st surface 12a and 2nd surface 14a which should be 
joined, the 1st components 28 and 2nd component 32 are processed chemically, and the adhering 
contamination, the formed natural oxidation film are removed. This chemical processing is 
performed by exposing the 1st components 28 and 2nd component 32 to a processing solution (NH4 
F:HF=1 :6), for example, a buffer hydrofluoric-acid solution. 

[0068] Then, as shown in drawing 1 1 , 1st surface 12a and 2nd surface 14a are opposed, and the 1st 
components 28 and 2nd component 32 are piled up. Between the 1st component 28 and the 2nd 
component 32, a predetermined pressure (load) is applied so that the above-mentioned front faces 
12a and 14a may fully stick. It exposes to temperature at which welding sufficient in this condition is 
attained predetermined time. 

[0069] If such welding conditions are shown in instantiation, it will be temperature: 62 0-degree-C 
time amount:30-minute load: 1.7 N/cm2 in a reducing atmosphere, for example, H2 ambient 
atmosphere. Moreover, ambient atmospheres which contain either at least, such as an inert gas 
ambient atmosphere, for example, N2, Ar, helium, etc., are also applicable to such heat treatment. 
The welding of the 1st component 28 and the 2nd component 32 was attained by this heat treatment. 
The perspective view of drawing 12 shows the 3rd component 34 formed by carrying out welding of 
the 1st components 28 and 2nd component 32. 

[0070] In the 3rd component 34, either [ at least ] the 1st substrate 10 or the 2nd substrate 30 is 
removable (removal process). In order to form the light emission side for emitting the light from a 
barrier layer 16, one side of a substrate is removable. Selective etching conditions can perform 
removal of such a substrate. If the selective etching applied to the 2nd substrate 30 in the gestalt of 
this operation is illustrated, there are a mixed solution containing a hydrochloric acid (HC1) and 
water and the approach of carrying out wet etching using the so-called etchant of a hydrochloric-acid 
system. If etching removes a substrate, the distance from the barrier layer 16 to the light emission 
side 26 will be shortened. 

[0071] The perspective view of drawing 13 shows the 4th component 36 formed by removing the 
2nd substrate 30. As for the 4th component 36, 1 surface (it is also called 3rd front face) 18a of the P 
type InP semi-conductor layer 18 is exposed by removing the 2nd substrate 30. The 4th component 
36 has the structure where the two-dimensional diffraction grating 24 was embedded between layers 
as drawing 13 is shown partially. Space 24a which constitutes the two-dimensional diffraction 
grating 24 is having the perimeter surrounded by the semi-conductor layer 12 and the semi- 
conductor layer 14. 

[0072] If a cathode electrode (22 of drawing 1 ) is formed in rear- face 10a of the 1st substrate 10 
while forming an anode electrode (20 of drawing 1 ) in 3rd surface 18a of the 4th component 36, the 
main processes of the semi-conductor luminescence device concerning this invention will be 
completed. The semi-conductor luminescence device 1 shown to drawing 1 by this is obtained. 
[0073] The semi-conductor luminescence device concerning this invention can be equipped with two 
or more two-dimensional diffraction gratings 24 and 44. As for these two-dimensional diffraction 
gratings 24 and 44, it is desirable to be prepared on both sides of a barrier layer 10. This can raise 
diffraction efficiency. Two two-dimensional diffraction gratings can shift only the distance which 
can be established so that the lattice point of each grid may be applicable on both sides of a barrier 
layer, and is equivalent to the one half of a period, can be prepared, and, also asymmetrically, can be 
arranged. Hereafter, the manufacture approach of a semi-conductor luminescence device of having 
two or more diffraction gratings is explained. 

[0074] Drawing 14 is the perspective view showing the process which joins the 4th components 36 
and 5th component 38. At this junction process, the 4th components 36 and 5th component 38 are 
prepared first. Since the formation approach of the 4th component was already explained, the 
formation approach of the 5th component 38 is explained. The 5th component 38 has structure 
similar to the 1st component 28. That is, the 5th component 38 has the P type InP semi-conductor 
layer 42 formed on the P type InP semi-conductor substrate (henceforth the 3rd substrate) 40. The 
two-dimensional diffraction grating 44 is formed in surface (it is also called 4th front face) 42a of the 
P type InP semi-conductor layer 42. The two-dimensional diffraction grating 42 has two or more 
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crevice 42a formed in the surface of the P type InP semi-conductor layer 42. Two or more crevice 
42a is arranged so that a two-dimensional diffraction grating may be formed. Since the 5th 
component 38 has such structure, it can be formed through the same process as the 1st component 
28. In addition, although the case where the two-dimensional diffraction grating 42 was formed in 
the 5th component 38 was explained, it can replace with this two-dimensional diffraction grating 44, 
or a two-dimensional diffraction grating can also be formed in 3rd surface 18a of the 4th component 
36 with this two-dimensional diffraction grating. 

[0075] Then, the 4th components 36 and 5th component 38 are joined so that 3rd surface 18a and 4th 
surface 42a may face each other. Since it can carry out like the welding of the 1st component 28 and 
the 2nd component 32 which were already explained, this junction process is skipped about the detail 
of a fusing process. However, junction on the 4th component 36 and the 5th components 38 can 
apply a separate procedure and separate conditions, without being restricted to this condition. As 
shown in drawing 15 , the 6th component 46 is obtained by joining the 4th components 36 and 5th 
component 38. 

[0076] Moreover, by the manufacture approach of the semi-conductor luminescence device 
concerning this invention, either the 1st substrate 10 and the 3rd substrate 38 are removable from the 
6th component 46. The 1st substrate 10 is removed with the gestalt of this operation. Since the 
removal process which already explained is applicable also about this removal process, still more 
detailed explanation is omitted. However, the procedure and the conditions of removing the 6th 
component 46 can apply a separate procedure and separate conditions, without being restricted to 
this condition. 

[0077] The perspective view of drawing 16 shows the 7th component 48 formed by removing the 1st 
substrate 10. As for the 7th component 48, 1 surface (it is also called 5th front face) 12b of the P type 
InP semi-conductor layer 12 is exposed by removing the 1st substrate 10. The 7th component 48 has 
the structure where the two-dimensional diffraction grating 24 was embedded between the semi- 
conductor layer 12 and the semi-conductor layer 14, and the two-dimensional diffraction grating 44 
was embedded between the semi-conductor layer 1 8 and the semi-conductor layer 40 as drawing 16 
is shown partially. Space 24a which constitutes the two-dimensional diffraction grating 24 is having 
the perimeter surrounded by the semi-conductor layer 12 and the semi-conductor layer 14. Space 44a 
which constitutes the two-dimensional diffraction grating 44 is having the perimeter surrounded by 
the semi-conductor layer 18 and the semi-conductor layer 40. 

[0078] While forming the cathode electrode (electrode equivalent to 22 of drawing 1 ) in 5th surface 
12b of the 7th component 48, when the anode electrode (electrode equivalent to 20 of drawing 1 ) 
was formed in rear-face 38a of the 4th substrate 38, the main processes of the semi-conductor 
luminescence device of the gestalt of another operation concerning this invention were completed. 
[0079] Moreover, the thing of the 5th surface 12b and rear- face 38a of the 4th substrate 38 for which 
such a semi-conductor luminescence device takes out light from one of fields at least is possible. 
Therefore, also in case the semi-conductor luminescence device concerning this invention is carried 
in a loading member, for example, a leadframe, a chip carrier, a printed circuit board, etc., either the 
above-mentioned field 12b and field 38a can be made to be able to meet a loading member, and it 
can be arranged. For this reason, a loading member can be effectively used as a heat dissipation path. 
At this time, a semi-conductor luminescence device is arranged so that the optical axis of this device 
may make a predetermined include angle, for example, 90 degrees, to the loading side of a loading 
member. 

[0080] Although the semi-conductor luminescence device produced by some production processes 
was shown, on the other hand, the structure of two or more two-dimensional diffraction gratings 24 
and 44 prepared on both sides of the barrier layer 16 besides the structure where it was explained 
where it has only the two-dimensional diffraction grating 44 can also be used for this invention. 
[0081] The luminescence property of a semi-conductor luminescence device of having structure 
which was explained was measured. 

[0082] Drawing 17 (a) is the property Fig. showing the semi-conductor luminescence device current- 
output power characteristics which have the structure of the gestalt of operation, and drawing 17 (b) 
is an oscillation spectrum in the location of the arrow head of drawing 17 (a). This semi-conductor 
luminescence device was produced in order to check that the semi-conductor luminescence device 
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which has 3 angle grids structure carries out laser oscillation. For this reason, it has a field 
luminescence field in a light emission side to a broadcloth area mold electrode (for example, 
rectangle electrode prolonged in the longitudinal direction by 200-micrometer width of face), and 
this perimeter. Three angle grids are formed all over the device. 

[0083] As a result of measuring in the conditions of a room temperature, 1ms of periods, and 500ns 
of pulse width, the oscillation threshold current of current density Jth=3.9kA/cm2 was able to be 
acquired. It is operating as light emitting diode (LED) below with this current density. A laser 
oscillation spectrum is single wavelength as shown in drawing 17 (b). This wavelength is prescribed 
by the triangular grid. Moreover, a near-field pattern has an oscillation pattern reflecting the 
symmetric property of 3 angle grids. If based on a near-field pattern, laser oscillation has happened 
in the direction parallel to the direction of gamma-X. When the inrush current is increased, it is in the 
inclination for the luminescence field to spread also in the direction of gamma-J. Therefore, it turns 
out that laser oscillation is carried out by the large area. 

[0084] Drawing 18 (a) is the property Fig. showing the semi-conductor luminescence device current- 
output power characteristics which have the structure of the gestalt of operation, and drawing 1 8 (b) 
is an oscillation spectrum in the current density Ith 1.61 times the current density of an oscillation 
threshold. Since this semi-conductor luminescence device aimed at uniform laser oscillation in all 
the directions, it prepared the circular electrode which has the diameter of 350 micrometers in the 
center of a light emission side. Three angle grids are formed all over the device. 
[0085] As a result of measuring in the conditions of a room temperature, 1ms of periods, and 500ns 
of pulse width, the oscillation threshold current of current density Jth=3.3kA/cm2 was able to be 
acquired. It is operating as light emitting diode (LED) below with this current density. As a laser 
oscillation spectrum is shown in drawing 18 (b), operating in the 2 modes is checked, spacing of 
oscillation wavelength is **lambda=28 A and this is well in agreement at spacing (between A-B) of 
the band edge shown in draw ing 4 (b). Each mode may support the band edge at which wavelength 
differs, respectively. 

[0086] Moreover, it is shown that the oscillation is starting the near-field pattern on the whole 
surface. A far field pattern is very as narrow as 1 .8 degrees of outgoing radiation angles, and the 
almost circular shape of beam is shown. It is thought that it is shown that the large area and the 
coherent oscillation are starting these results in a field by association of a two-dimensional light in 
two-dimensional photograph nick band structure. 

[0087] As mentioned above, while data were shown, as it explained, according to this invention, it 
became clear that the luminescence device in which field luminescence is possible can be offered. 
[0088] There is a demand that (3) two-dimensional ** for which air and periodic structure with a big 
refractive-index change like a semi-conductor are needed in order to control more efficiently (2) 
light which needs micro processing comparable as the light of (1) controlled system for the above- 
mentioned photograph nick band structure needs to form the periodic structure of the same 
dimension in order to control luminescence of high order origin like a ** three dimension. If a wafer 
welding method is applied to the components which have the partial structure of semiconductor 
laser, the luminescence device with which the two-dimensional diffraction grating which fills such a 
demand was built in is easily producible. Therefore, formation of the luminescence device which 
contained photograph nick band structure is attained. 

[0089] Moreover, with the gestalt of operation of this invention, the wafer welding method was used 
as an approach of forming two-dimensional and the three-dimensional structure in the interior of a 
semi-conductor. By this approach, the surface emission-type laser with built-in two-dimensional 
photograph nick band structure was produced with the surface-emitting type light emitting diode 
(LED) with built-in two-dimensional photograph nick band structure. When the device in which the 
still more nearly circular current impregnation field was formed was produced, the laser oscillation 
in the whole surface could be checked and the very narrow outgoing radiation angle of 1 .8 degrees 
was able to be acquired in the far field pattern. This result is considered to be the result from which 
the large area and the coherent oscillation by association of a two-dimensional light based on two- 
dimensional photograph nick band structure arose. It is considered to be suitable for the surface 
emission-type laser to build in photograph nick band structure. Moreover, it was shown that a wafer 
welding method is suitable as an approach of forming air / semi-conductor two-dimensional 
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diffraction grating (two-dimensional diffraction grating based on the space periodically prepared in 
the transparent waveguide or the semi-conductor layer to the light which should emit light). 
[0090] 

[Effect of the Invention] According to the semi-conductor luminescence device of this invention, the 
two-dimensional diffraction grating is prepared so that the wavelength of the light which should be 
generated in a barrier layer may be specified. For this reason, it is combined by the two-dimensional 
diffraction grating two-dimensional, and the light generated in the barrier layer is emitted from a 
light emission side. Therefore, the semi-conductor luminescence device in which field luminescence 
is possible was offered. 

[0091] Moreover, according to the manufacture approach of the semi-conductor luminescence device 
of this invention, while contained the substrate, and after forming a two-dimensional grid on the 
plane of composition of components, this component and the components of another side were 
joined. Therefore, the manufacture approach of the semi-conductor luminescence device in which 
field luminescence is possible was offered. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 (a) is the perspective view of the semi-conductor luminescence device 
concerning this invention, and drawing 1 (b) is a sectional view in the I-I cross section of drawing 1 
(a). 

[Drawing 2] Drawing 2 is a drawing describing 3 angle grids whose lattice spacing is a as a two- 
dimensional diffraction grating. 

[Drawing 3] Drawing 3 is the drawing in which the reciprocal space which 3 angle grids shown in 
drawin g 2 have was shown. 

[Drawing 4] Drawing 4 (a) is the photograph nick band Fig. having shown the result of having 
performed band calculation about the two-dimensional 3 angle grid shown in drawing 2 , and 
d rawing 4 (b) is an enlarged drawing [ / near the gamma point in drawing 4 (a) ]. 
[Drawing 5] Draw ing 5 is a drawing describing the tetragonal lattice whose lattice spacing is b as a 
two-dimensional diffraction grating. 

[Drawing 6] Drawing 6 is the drawing which applied the phase shift structure applied to the 
tetragonal lattice shown in dra wing 5 . 

[Drawing 7] Drawing 7 is the drawing which applied the phase shift structure applied to the 
tetragonal lattice shown in drawing 5 . 

[Drawing 8] Drawing 8 is the perspective view showing the process after the N type InP semi- 
conductor layer was formed on the 1st substrate. 

[Drawing 9] Drawing 9 is the perspective view showing the process after the two-dimensional 
diffraction grating was formed. 

[Drawing 10] Drawing 10 is the perspective view of the 2nd component. 

[Drawing 1 1] Drawing 1 1 is the perspective view showing the process which the 1 st front face and 
2nd front face oppose, and joins the 1st components and 2nd component. 

[Drawing 12] Dra wing 12 is the perspective view showing the 3rd component formed by joining the 
1 st components and 2nd component. 

[Drawing 13] Drawing 13 is a showing [ the 4th component formed by removing the 2nd substrate ] 
perspective view. 

[ Drawing 14] Drawing 14 is the perspective view showing the process which joins the 4th 
components and 5th component. 

[Drawi ng 15] Drawing 15 is the perspective view of the process which joins the 4th components and 
5th component and forms the 6th component. 

[Draw in g 16] Drawing 1 6 is the perspective view showing the process which the 1 st substrate 
removes and forms the 7th component. 

[Drawing 17] Drawing 1 7 (a) is the property Fig. showing the current-oscillation power 

characteristics of a semi-conductor luminescence device which have the structure of the gestalt of 

operation, and drawing 1 7 (b) is the oscillation spectrum of such a device. 

[Drawing 18] Drawing 1 8 (a) is the property Fig. showing the current-oscillation power 

characteristics of a semi-conductor luminescence device which have the structure of the gestalt of 

operation, and drawing 18 (b) is the oscillation spectrum of such a device. 

[Description of Notations] 

1 [ — The 2nd confining layer, ] — A semi-conductor luminescence device, 10 — A substrate, 12 — 
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The 1st confining layer, 14 16 [ — Cathode electrode, ] A barrier layer, 18 — The 3rd confining 
layer, 20 - An anode electrode, 22 24, 25, 44 [ The 2nd component 34 / -- The 3rd component 36 / 
- The 4th component 38 / — The 5th component 46 / -- The 6th component 48 / - The 7th 
component, ] ~ A two-dimensional diffraction grating, 28 - The 1st component, 30 - The 2nd 
substrate, 32 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1 ] 




[Drawing 2] 
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<^S<DT\ 7/- KfS8l2 0^cf>-L4cLfc*5fi^ti:tJ 50 
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Jf 1 6 tfc:{i2^7t;15]flf|S^2 4 lCg*&;£|6»;:|6H4T 

[0036] **«iojB»»j:*jo^TSiasnfc*si(*a 

Sffi 10 : 100/im 

35 1 £>f?0 12:0. l(im 

35 2 <DF=f] t&Sbm 14:0. 1 ti m 
jg14Jf 16 :0. 1/im 

35 3 om Ui&i&H 1 8 : 0. 1/ira 
i:£So 

[0 0 3 7] m.^T, 2 55?7ClHl»ftt ; F»co^T«#ffil* 
»tf*^6»iWr*. 2 2fc7t0#M6?l4, '>4<kt2 

ttfiSrfrfSo c^£?&2:&7c*&?S4, lEHftffJ, IE 

[0 0 3 8] EI2«s 2^[H]f/f*S : ?i:L.T, &?mm 
ifi af$5 3 ft*S?«r»l/>rc0®-Z?S-5o 3 fttt^tt, 

1/^5. 0 2fC*Jl,vT\ ttEtcg&Snfct&^AtcSB 
L> tS^AA>?,tS^B{CfS)^57a|6j«rX-r7^|S]i: 

[0 0 3 9] 2 ^Ttml/ffS 1 ? 2 4 14, ttTKKBtS 3 
ffl<D 1 Jfc7cElSHM s » L , M, N^r#tyi:%^§c^A^ 

e>nfc 1 ^TttS^FL., L^frfc/SSo l^TClel 

t/ftS?8¥Mt4, X$fi>D(S]fc«LT 1 2 0aoftS=&73lfi) 
fClRHtT^te.nfel^7C*S?M,, Mz, M3^6^c 
So 1 ^7t@firte^N{4, Xtt^(S]lcWbT6 0S© 
35|Snc|p)t:»-Ti8t*5ftfc 1 ^7ctSTFN., 

e>/£So 3«^wtt, axott?j R i«'4)<c>ic 1 208© 
ftjST-isi«Gi-si:a^»3fe5o ftflmscas^T. 1^: 

[0 0 4 0] £-f, ^SfLtcKLT^^So tS^A 
51**41:*. |eI»T^r|p)«, 77 7^ff2d -sin 

0 =m A (m= 0, ±1, • • )ic&~)Tm.m.2n, C C 

T% A (435 1 <DfflC&tbmf*llc1o'>t%>yt<D&LgLT'&2>o 
2 ^(O^v -v ySS=t(m = ± 2 ) *iffiS-r S cfc -5 tc [h]St^ 
^Bl&tnx^^m^iclt, 9=±60' , ±120 
' ©ftfiKSUOte^D. E. F. G^ffi-TSo $ 
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ft, m = 0lC-ttfct%nm9 = 0, 18 0" fCttS?^ 
A. CtfffStSo 

[00 41] tS^BfCfc^T, glJ^tf^jSDO^lSl 

Kftw-riaiffTSftftftti, te^Dtcfct^Tts^&Mic 

^Tt&?£mcftttT0flT£ttSftfi, te?g¥NtCfto 
C|fiJ^TI§lflT*ft«y£H:, «?PN»cS6oTE«f«n 

So 

[0 0 4 2] tt±, BJWUfe«k-5»c, tt?jA(AA«6tt? 

2 ^TcBSrtt^ 2 4 *<y£«fig8» O$0 «[g3Ii«?gg*5 «fc 
[0 0 4 3] <*6tC, 2^7tlel#f^2 4T*ti, ±IB« 

mm w& mn&T&L a ic ts^mt>nrz c t *nm.t s 
^TOts^tc*ji/^T^i;t#5, coifed &x-rx 

mc&W? 5 Jfob*, r v -v ymflf tc <fc o T 2 3J?7c«»C*B 
5tC*S£-LT^Sfc#*.€>nSo 2 ^TtHt/ftST 1 2 4 T? 
«, Cc0 2#7tW^&»c<fcoT3o©X-r7jft*M££- 

[0 0 4 4] 03 0 2fC^£nft3ftte^tf:f?-rS 
£&mtZX&, Si/ 3 »7>*/->tfi 

-mas^rmt s j M^snt^s. H3fc*stf s 
*><^T#p.8Lft r -x^injfe.feoT - j 7?|pjtcm-r 

[0 0 4 5] 04 (a) (i. 0 2K;r^nft 2#7t3ft 

ft*SH£jjsLft7* hZ7^/^KiT'$0> RftCT E 
-E— KKWr«8tS«S*T*feSo 04 (b) tt, 04 
(a) tcfctt«r£jfifi&»;:fct*St£*|g|T'&S. 
[0 0 4 6] Dii46^ I 2(i, 04 

(a) fCTnStifctfftfclltHSi, h-7^^F 
SljlSr^So #B.E*fflStc:}3<^T, 7* h^-y >? K 

[0 0 4 7] *SI«!(D}B!»JC*i*t*iSttJBOi«(»a)tt 
tt. 04 (a) cDlSffiOSScSOcDO. 3 5f*ifitc«a-«- 
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So 04 (b) %&m?Z£. r^Sfcte 

r^<Djfi^tc#!i-r§<DT*, u— if filter -X77 fas- 

g^CjgC S S C £ *<Tf? So 
[0 0 4 8] 05£, 2^7tlHHJTtS^i: tT, te^lSRlS 
*<bT'feSiE73lS^«^fc0a5TSSo IDStt^tt, 
-320S^*' i bT*&SiE73fBT'JS4t)§<^nTl/>So 0 

^W^SIS^PtClRl^^TJlRji&X-rTJloJfciftJF, $ 
ftf&^j&Wfr ?> Q 'v.fafr 3 7? ft X - J 15 ft of 

Titt^-rso 

[0 0 4 9] 2 ^TcESftt? 2 5ti, WTteWW*"* 2 

So l^Tciusfts^sfuii, Yftt73i6iicftifTistf e>n 

20 ?BVB, XiSlRlK:^;TW76nftl*7cttf 

%4"^K9o* ©ftg-ciajte-rsfcs^ofedo 

So tt^jjswa^tt^japo^faKaojta:, ts^p 

tCfct/^TlHlJ/T^^^USo m»T73l63tt, SfttS^O^ 
&tiilC> 77 7^tt2d • s i n 6 =m A (m = 
0, ±1, • OKoiotlSSnSo 2*077 7^ 
S*f (m = ± 2 ) JgrSSJS-r S «fc ^ @^rtS?*^)S^ tlT 
30 l/^S^^-tCti, 9=±90" ©ftgfCgiJOtS^Q, R 
tfffffiU m=Otc«f£;-rSftg0 = O, 180° tct 
tt^W, Stf??fiEfSo 
[0 0 5 0] K^PfCfetTtS^QW^lPltClRl^T 

^TtcfttfTiiitiTsns^t*, »?»utc(jeoT0«f* 
ns„ cojcdteLTW^eiasfsnT^^o ts^T 
^p>4&^wtcftttTiHijif^ns^t±, «^»vfcse-3 

40 TlHlJ/f^nSo 

[00 5 1 ] fit±. UJB^tfti^K, «7jAWA*6tt7 

CD* 3 tc 2 O^D) , eR^^M7b^e.fi!^Sfd«^g| 
I5)«T^r^LT7T:«DlS^©tLlgtOMSCi:ti, 2^tc[h] 
i:LTf^ffl-rsci:«:^LT^So c<DS*tS»c«fc 

cTfirfflgE^it^^nSo 

50 [0 0 5 2] £6K, 2 *7C0»f«? 2 5 T'li, ±IEC0 



( 7 ) 

11 

i#s 0 c<Dtztt>. sx-r^ifiiceffi-rsjt^ 2#tc 

•5c 2 ^TCBflHS? 2 5T'B, C<0 2^7cW*S^tC«fc^ 
T X - T >3l6j7b<$g-& L£o T 3 1 - U> h 

[0 0 5 3] 2^7C0«rtt^tt, U— »f«»«©#— t 

#T*£So 06*>*O*07ti, ESlCTnSftfcIE^te? 10 

[oo 5 4] wez&mtzt. xtoutiucm-oTmm 

d©V.ITF»fc«fctfV.tt?HM><lfttt6ftT^5. V. 
tS^Ji l^jclHlSftS^V.i, v.*, v..,, v..£fiit;L, 
Vb*T« 1 ^TtlsllfftSTVb,, Vb*, Vb,, Vb.^fit 
*So V.^*3j;t>*VbtS^a, l ^7t*S?V.4 Vb, 

fc<0W<DiaPS*' ( d/2i:^*J:'5fcjES«*tiT^5o Y 

(Site- too d © U. «^«*s Jz tf U b 20 

U.j, U.^fiM., U.fiftt 1 ^Ttlel^tS^Ub,, U 
Ubi, Ub<£{tx.S 0 U.^te^tfUb^tt, 1 

BEB<*ttTi^s 0 

[0 0 5 5] H7«#SHf X«^lfi]»C»^THW 

i ^7cia*ftt-?v«i, v,,, Vc»*ij|a, v** 

?« 1 ^TtlDJ/ftS^Vdi, V aJ , V^^rfif^So V,* 
?*j<ktfv l ^TttS^V,* i: Vd £V>m<om 30 

too TJ^W d O U c tS^Pfc<J; O' Ud tS^A^it etlT 

<V^o UcK^t* 1 ^TtHl^ftS^Ur.., Uc2, Ucl, U 

Ud,, Ur„£ti*.S, UrtST*5«fctf Ud*S^«, l^TC 
♦ST U,. h Ud. <t<DRg©Pi3Hgtf 3 d/2 fc£S,fc-5»cE 

[0056] mets.tizfmiicTriZnrcBLmi'y hmm 

tftjtfcSISiT'tSo 

[oo5'7] 3i*tt^T\ *aw»c«fc**»*ajt7* 

[00 5 8] 2^7cEI«f«?«, tf WTO J: 5 left 

s^ns. B^iacoon^-rsfg 1 ons i n p*m 50 
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«*«(ut. i <om&t^o) i o^-mis-rso sg i 

VP E)it*«^TNS I n P¥S@W1 1 2*fi£gt 
So 08«, SlOiffil 0±tCNSl nPlSftil 

[0 0 5 9] NSI nPmil 2 0XB(=2^7CB. 
Iff*? * 7 * h U v y ^ 7 -r -y * J* *j j; tf x y ^ > Txk 

zm^x&m?z> e ni9«, 2^7ciHHffts : ?*^fig*n 

[0060] imttm 1 2o«is 1 2 a tc£ft&ij*&*ii 
r*. c(DmK.m±.ic, n?e-L.&wmm(,mz-t,£. e 

LIONIX ELS-3700)^rfflt^T, IsltfHS? — >%fi5ffl"f 
S«8B!ie)o cci, «Jt»J*St»-r*i:, , matte 
- > ffM2 nfcx -y fy^?X? *^Sfi)t-r *. 

^>yxifgtcfc<^Tx-y^>y£fts^€¥2gWB 1 2 

OSffil 2a(WT MS 1 0*H£6^3)lcHf£JBtt4> 

[00 6 1] ivfymi'Sffl^r, ¥iif*Jf 1 2 

EJCtt-f5i->Xy*>yttH(0IJ*.«f, SACOM R 
IE-10N)*fflV>Tfr-5o ^X^OBflPBRO^Wf 1 2 
tat, x-y^i/^tcioT^S^n, fft5£Oj££©[H]g|W 
M*n5. @9li, 2 ^TcHHffte? 2 4 #35 1 OigS 

1 2 a tcflM^n/cifs i <oa5a2 8<Dm$imT&z>o m 

9»Cfci/>T«, 2^7cHlJff«T2 4 <t LT, J^WWfcBB 

So SDSgflte, D3gl5 2 4 a©EJ»W0#r«?4:UT«fi6 
UfSSfiOiS*, PAtfO. 1 (imiS, tCfl5fiJc<*tX 
Tl/^So 

[0 0 6 2] ^tC, S7?fjl(001)^^-<rsm2COP^ I 
n P¥a»(*8ffi(l-XT, S2Olfitl,^)3 0*fffilt 

So S2oii3 ooiijiic, sa&waHaxtr** 

•XMOVP E)MfflPTPl I n P^afi*® 1 8=&fiX 

s-rs. 

[0 0 6 3] ^->T', P3J I n P¥^{*@ 1 8±ICT> 
Y--?f£®.mi 6^^g-TSo **SSOmiT{i, MO 
VPES^ffl^T, 1 nGaAs/l nGaAs POM 
QW*3B**T3*'3tcgtt»l 6**fiS-T5. COS 
ttlioT, 1. 3/xm*03tt*<aSfeprft6tca*. ££ 
tc, CO«fc-5^MQW^jiOiaSlli|tc, MQ W^iigPfc^ 

eparate conf inementheterostructrue) ; &^fi!t"^"S C <h 
&T'#So CtltCcfcoT, 2^7t;W(c/£;#SS14SlC* 

[0 0 6 4] £<D'i£lC, jg1±@l 4±tCMOV P Eii^r 

ffli^TNm np^iftii 4^fi2g-rs 0 *m 
m<oBmr'it. m 1 0^2 sons^ i n p^m^m 1 

2CDS®lC2^7tlHflTtS?2 4*&i&LrclttlZ* C<D 
2^7tIslflftS?2 4tCf^AT, $fc«C0 2^7ClHl»ffS 
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¥2 4tmc. N3H n P¥^f*Jl 1 4 0gffi(J.;CF\ 

[0 0 6 5] C tllC <fc -jTS 2 COa5p D p 3 2 tfStfig-f 
01 Oli, S5 2 0g|Sfi3 2Of48t0T*a&-5„ S2 0pflffi 
3 211 a2O»*R3 0O±BB±KW^JBJ«snfcPS 

1 nPWftll 8, 7>K-7S1£JIl 6, *5«fctfN 

m i n p^w(*g 1 4«A5, «a»c»j«*nft¥w 

(*/f 1 4 0«ffi 1 4 a A^fSW LTt>«. 
[0 0 6 6]^, SB 1 Og|5p a p2 8fc, SI20gf$p a p3 
2i:5-S^t5. cO«£lf§T'«\ SlOSIl 2 a 

tmznmm 1 4 a i^tcs 1 0355^2 8 

*5j:tf8i2 0g|5,S3 2«rS^-T5o COjg£U\ :£S|!SS 

[0 0 6 7] ^Sn^^ 1 OS® 1 2 a*5<£D"Jf! 

2 03IS1 4 a^ritiftC-r^fctotC, Iff 1 OgBS, 2 8 *5 
£tf!g2 0g|5p a p3 2&<t¥Wfc:«UiU TOLft^ 

sana, s 1 ogps 2 8 fccttf^ 2 ©gp& 3 2 £sa®g 

ffi, MAtf/W777?ft*«iii(NH < F : HF = 

[0 0 6 8] 3l#«ft>T, 0 1 1 KjjVf .k-MC SIO 
mm 1 2atS2 OS® 1 4 a fc£(Rj#£-fcH£T, £ 1 
©g|5p a 0 2 8 *5 cfctfffl 2 C0gp P Q p 3 2 SBla^ta**. fff 1 
OgPS 28tS2 cOgP B a p 3 2 tORSlCfciu ±SBStB 1 2 
a, 1 4 a*<+»»C«B»-r*«t^KlBfJ&©EE*(fiffi)* 

KKf^oBtwse-fo 

[0069] C © £ -p fcHW*#*0JjSW»c jjvetf, S 

SS : 6 2 0 °C 

WIH : 3 o# 

ffifi : 1 . 7N/cm ! 

T'liS, CO^&IMUIlcH ^jgt£#X1?H 

ft, flJAtfN., Ar, He^O'>ft<i:fel,>W4 

gflffi 28J:S2 Og|5p a p 3 2 t ©ffifcigtfilfiRS ftfc. El 1 
2 QHttBtt. M 1 ©g|5p D p 28tl2 £Dg|5 q D p 3 2 fctfM 

•To 

[00 7 0] fg 3 OgPB a p 3 4 ICtS^Ty W, 1 ©SIS 1 0 
*5J:t/^2<DStS3 0<D'M< i: t— ^rftBSf^SC t 

tf, tt«(HCl)*i.fctf*«:$tfiE£SilS, <^fc>»$>3&& 
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[00 7 1] El 30MMBa. S2Olffi3 0«S 
Sft&CfctC.fcoTJg/SSnfclMOgtfq'pS 6£-7jVfo 
^4(Og|5p a o3 6tis m2OSS3 0A^S$nSCfctC 
i^TPl 1 n P*m#® 1 8 0-«I(^3 0SIi: 
1 8 a^Sttl$n-5o 01 3»Ci5l^T&g|5#W 
tC^^nTI/^i^tC, ^4095^3 6«, 2^7cIhHJt 

8f«?2 4*t8fi)t-f;f>£R82 4 a«, ¥#f*j| 1 2 
10 tgteS 1 4{C«fcoT ; eoglH^:HSnT^5o 

[0 0 7 2] IB 4 Ogflp D p 3 6 ©sf! 3 ©gffi 1 8 aCT^ 

-kws (0io2o) zBuztztmc micomm 

1 OOii 1 0 aK*V— K«ffi (01©22) ^JgfiSc 

[0 0 7 3] *»W»c«t)*i|4*«:«}t-r/t-<Xtt, « 
K<D2^7clslSf«^2 4, 4 4^fiH^.SCi:3b , iT^So 
cne>02 ^TtHltfftS^ 2 4, 4 4 tt, SttJB 1 0 £tt 

**«*5C 2O0 2^7tIsJ»flS7-«> * 

[0 0 7 4] 0 1 4tt, !fl4©g|5p D p3 6*5 s fctflf§5©g|5 
S3 8 i:«:g5^-r5Xe*^-r^HS0T*feSo COg& 
IlTtt, S?\ SfS 4 OgPffi 3 6 *5<fct>*Sf! 5 Ogp D n p 3 8 
30 SrSpflHfSo »4 0a$&©fBja#»ttR£BM!l,fc© 
T% ^50g|5p°p3 8OJBfiK^a»CO(,>TlttWrS 0 ^5 
Og|5p a D3 8W, m 1 Og(5p a p2 8 fcSHttOfllil**^*, 
OlO, ^503501,3 8«, PS! I n P#ag<*gtg(W 
T, ^30»ffifcfc^d)4 0±tCJgfiK*nfcP§y I n 
P¥W*Jf 4 2£*rf PgJ I n P^aSi*^4 2 0^ 
ffi(^4 0SStt,l/''-5) 4 2 a lc«, 2 ^TtlslSTtST- 4 
4/)*filSSnTl^. 2#7C|5|9Tt§7-4 2«, PSln 

pi»£i!ift®4 2©a«K«a«nfcis»oiaw4 2 a* 
*rf-s>„ ?i^oiH]a54 2 a a, 2#7tmj/f*&7-*}BfiX-r 

40 S^^tcffiSSnrt,^,, ^5 035^0 3 StiCOJ;^^: 
«3i**-T50T\ nog|5p a p2 8i:|BI«OXg*iST 
0fig2n5Ci:^T'tSo 2 ^TClHlfffiaT- 4 2 * 

lB5 0»fi3 8fCJg^-r5«^COI,>TI«WLfc*^ C 
O 2 ^[HlflTlgT- 4 4tC^x.T. Sfc«C0 2^7tls]tff 
<S?i:«tC, Sff40a5p a p3 6©^30«® 1 8 afC2^ 

[0 0 7 5] i^^T, ^3©gll 8 a t^4Cgl4 

2 a t^ft^-Pct-M;:. 14 ogp P a P 3 6*5«fct>*^50 
015^3 8*&&tZ> 0 C©6&Ii(i, mcue^L^m 

50 t Og|5,S2 8i:m20S15p c p3 2 t<DH&m tmmc'fi? C 
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LfrL&tfS, m4<D&5h3 6ttS5(Om& 3 8 t<D& 

coftft^ffi6n*cfca<»jffl(D#i(Hfi«i:tf* 

3 6fc*5®fffi3 8fc*»£t-*cfctecfcoT\ ^6 

[0 0 7 6] £fc, #«Wfc«fr*¥»{«8ftfVW;* 
Ofiiil7?iST*tt, m6COgj5 P n p4 6fr6, 1 OgtS 1 0 

3 comm. 3 8 (D^^m^«»*-r « c twvt 

L**«6, 3560gf$p n p4 6*»*-T4^«fcJ:tfft<* 
[0 0 7 7] SI 6 O?4*JI0te, m 1 OStg 1 o tm& 

ZftZCtlC^-o TJBtf SftfclS 7 <DgMp 4 8 t/Tto 

^7toa5p a p4 8^, SlOlfil 0»S3ti5Ci:lc 
J:oTPS I n P¥#«f 1 2<D-»ffi(» 5 <D*Hfc 
tl>"5)l 2btfBfflSn5o Ell 6fc*5^Tfc»#W 

tS^2 4 tf¥*ftM 1 2 fc**(*Ji 1 4 fcG>HU»:SiM& 
in, *fc, 2^7c(HlJ/ftS^ 4 4tf¥*fMI 1 8£¥« 

f*i4 otoiHi»cJiAa*nfc«ija**rr*. 2*tcih 

1*1 1 4tecfcoT J tOJBH*H£ttT^*o 2^7ClHl 
#rt&^P4 4*«*«$B4 4 att, 1 8 

[0 0 7 8] US 7 CDgj$o a p 4 8 COfg 5 Ogffi 1 2 bfc*V 

tc, HS4tf)gg3 8 0SB3 8 alC7/-K«i (0 1 

*>2 0fcfB3-r*«» *&j£?z>t, *mnic<&t>% 

TLft. 

[0 0 7 9] COiiftWIftRKf/WXIi, 
fg5<D?iE 1 2 b*5cfctf3S4 4)S1fi3 8^®ffi3 8 a<D 

^U>ha««*C»«"*-*R»cfe, ±EOBHl 2bfecfc 
tfBH3 8 aOl^m^*»«ai*r*c»BB**TEIi'r* 

*«K:*iJffl-e*4. COtt, *9ftMf/WXIi, 

[0 0 8 0] t^<O^OHitXSfc«koTftHSn«* 

©2*7tlHl«r« : f 2 4. 4 4<?)rtcr)— 0J*fcf. 2* 
TcElffrtt? 4 4©**W*-*<fc3ft«|j6*««*-3Ci: 
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[008 1 ] «MLfcJ:3a«lit**r'r«*»*»)t'r 
[0 0 8 2] HI 7 (a) tt, *«0»J»0«JB**-r 
0T'£9, Hi 7 (b) tt. Hi 7 (a) O^SlOfitg 

[0 0 8 3] SI, jam 1ms, /*;1/Xfll5 0 0 n s CD 
*ftfc*^TlSLfte», @8SSBfiJ th=3. 9kA 
/cm 2 CO?8ffiL#t^fflfl«l*?#SC:i:^Ttfco CCD 

LTI/^o U— IffHSX^ h/W3\ 0 17 (b) tC^ 

ajttffi«^/tft^Ti^<«iqjtcsso ate, ^Hsreb 

[0 0 8 4] 01 8 (a) ftttOffittOtttt**? 

BT'SD, 018 (b) M\ SffiL#lHil«8fcfflS I .» 
Ol. 61 «©««ttfifcfctt*»SX'** 

0/xm**-rSRJBO«ffi*K(tfeo 3fttt?tt, tV* 

[0 0 8 5] MM, JS^l 1ms, /<;l/XW5 0 0 n s CO 
*mc43^T8»ELfciBS, th=3. 3kA 

/c m z <Df8ffiL#l>ffi«iffi*f#aL: ttfT+Zfzo C<D 
WimaUATVOi, ^*^^H(LED)fcl,T»fls 
LTl^o U— ff»«X^* h/l/te, 0 18 (b) tc^ 
sn«ck-5tc2 : e- KT*IS{^LT^£cfctfMI2;*n, 
40 5?SiffigOSfil«AA = 2 8*>yxhD-AT^!}, 
cn«, 0 4 (b) tC^^tl/c^> KfflcOH^C A - B 

[0 0 8 6] £fc, 3fi«W«tt, ^HtC^>0>T^ti^*3 
8* ^^mtcK<, «SRJg(DVf-AJB««:^UTl^ 
*it«2*7EW*)ttOlS*lc*oT, 
50 3f*.£n£ 0 
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[0 0 8 7] W±, T-**7jiL%W<Z>8tmLtz&5 

[0 0 8 8] ±E©7* hx>y t^yFffi'&icn, (i) 
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